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CONCERNING THE ADDITIVE PROPERTY OF SORET'S COEFFICIENTS

A. Murin and D. Popov, Redium Inst
imeni V. G. Khlopin, Acad Sci USSR

Soret's coefficient for solutions is understoocd to be the ratioc of the
coefficients of thermal and of ordinary diffusion for the solute. 1In the sta-
tionary state, when the flow of the solute caused by a temperature gradient is
balanced by the ordinary diffusion flow, the relative change in concentration
for a temperature change of one degree 1s equal to Soret's coefficient, i.e.:

D'-_dnl,
D n 47

where D' is the coefficient of thermal diffusion, and D is the coefficient of
ordinary diffusion.

In the case of ideal solutions of strong electrolytes, as postulated by
the thermodynamic theory of Soret's effect 1_7, the quantity D'/D can be
represented as the arithmetical mean of the quantities characterizing the in-

dividual ions:
of Q%
. YEae | g2
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where zy and z, are. the valences of the cation and anion, and QI and Q; are
the so-grlled geats of transfer of the individual ions. This type of addi-
tivity of Soret's coefficients can be shown from very elementary considers-
tions. For simplicity's sake, we will 1limit ourselves to solutions of uni-

univalent electrolytes.
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In the absence of any noticesble concentration gradient %l << lD'n?ir. ,
we can write for a stream of ions of different signs: dx

T, = -d"ng -nv#ef_‘g , fin

1]
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vhere e is the charge of a univalent ion, v, end v_ are the mobilities of the
ions, U is the potential of the internal electrical field in the solution en-
suring the electroneutrality of the ion stream, and d; and d! are coefficients
characterizing individual mobilities of ions in the thermal field.

Since numerically:

‘[*:f_:f:_n-%,

pr = dv, * 4., (1)
Ve 4 Yo
But it is well known that:
- 2KTv v
D= + -
— =[] 2
v L7 (2)

From equations (1) and (2) it immediately follows that:

D' zdlvas ¢ dav- = 4. dl B .
D 2kTv.v. 2kTv.  2KkTv, oo

i.e., Soret's coefficient actually possesses the property of additivity.

Attempts to prove the theory by experiment [ 3_7 up to this time have been
hampered by the lack of reliable experimental data, since the only salisfactory
determinations of Soret's coefficient were carried out on solutions of compara-
tively high concentrations (>»0.1 N).

We unde~took the determination of Soret's coefficients for solutions of
1ithium, sodium, cobalt, and lead salts with the aid of & separation column
[ 3 7 consisting of two coaxial copper tubes, the external one heated by cur-
Tent, and the internsl one cgoled with water. The solution was placed in the
space (& = 0.045 cm) between the tubes and was concentrated during the course
of the experiment in the lower (cobalt salts, NaCl, NaNO3 » NagS0y, Liasou, .
Pb(N03)2) or upper (Nal, LiI) region cf the column. AboVve and below the colwmn,
the internal (cold) tube hed recesses forming reservoirs having e volume of
v = 6.7 cm. The length of the working part of the column vas equal to 20.5 cm;
the radius of curvature of the space between the tubes R was 1.7 cm. The temp-
erature difference between the hot and cold walls & T(a T = 560 - 21° = 259)
was determined by thermocouples (a total of ten). This temperature difference
remained constant within 21° C. ‘The solution in the reservoirs was agitated s
by means of stir "rs. After a definite time had passed, the current was cut
off and 5 en3d sampies of the solution vere removed from the upper and lowexr
reservoirs.

The theory of the separation column with the reservoirs at the ends is
given in a vork by one of the authors [ h_7. At the start of the experiment,
the concentration in the reservoirs changes linearly with time:

"L _l=l_§:Ba3ggg(AT)2 D' t. (3) .
n Y v D .
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Here n,, My, and Ny are the concentrations of the solution, respectively,
initially and in the upper and lower reservoirs ; 3 is the coefficient of cubie
expansicn of the solution; P 1is the density; m 1is the viccosity; and B = 24/R.

Thus, in order tn determine Soret's coefficient, it is sufficient to deter-

mine the quantity ni -1} = |4 'ﬁ‘) et one moment of time t during the
=} o

period vhen this quantity varies linearly with time.
The results of our experiments in the case of cobalt salts are given in

the appended figure, Deviations of individual determinations from the average
are given in terms of the mms error.

The concentration of the solutiogs iu the reservoigg vas deterpined with
the aid of radioactive indicators (Co S0y, Cos350h, Co (N03)2, €01,

Ness3%0,, Narl3, 1i,83%,, 14733, PeEl2(N03),), as well as with the
aid of semimicrochemical methods using zincuranylacetate (NaCl, NeI, NaNO.,
§a,50,) /5, 6/. The results of the experiments, whether carried out withJaif-
ferent methods or with the aid of different indicators , agreed in a fully

satisfactory manner, 1In the case of NeI, 1131 radiation did not affect the
concentration process.

After the value D'/D has been determined for a group of salt solutions
having a commen cation or anion, (e.g., the group CoS0y,, CoCl,, co(No,),), the
additive property of Soret's coefficients permits us to make Only one”déterminae.
tion for an analogous salt of some group, such as Ne,50y, in order to calcu-

iate Soret's coefficientsfor all the other members of the group, i.e., NaCl and

NaN03 .

Using the results of our experiments, we calculated the Soret coefficients
for dilute solutions of cobalt, lithium, sodium and lead salts (see appended
table) with the aid of equation (3), The Soret coefficients determined from
the experiment for other salts are given in the next to the last column of the
table. Complete agreement between experimental and calculated values , within
the limits of error of our measurements, was obtained.

If the heat of transfer of the chloride ion is arbitrarily taken to be
zero, the heats of transfer of the individual ions can be calculated from the

data of the appended table on Soret's coefficients. These heats are listed as
follows:

Ion € I N3 SOf” Li Na Co Pb
Heat of in keal/mol 0 -0,7 0.25 0.7 0.0 0.4 1,9 2.
transfer { in e V/ion 0 -0.03 0.01 0.03 0.00 0.02 0.09 0.09

Had we known the values for the heats of transfer of the individuel ions,
ve could have celculated the thermal diffusion potentials in solutions of strong

electrolytes [' 3_7. Experimental determination of the latter at the present
time is practically impossible.
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Figure showing Results of Experiments With Cobalt Salts e
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Table Showing Soret's Coefficients
Conen of In- D'/D Meas: D'D. Caled
> Soln itial Soln  ured X 10 x 103 No ~* Solns
No Solute x 103 N (degree™t) (degree™}) Used in Calen
1 oS0, 1.0 6.7t 0.2 7.0%0.5 2, 4,5
2 Co(No3)2 1.0 k,3t0.2 3.,9*0.b 1, 4, 5
. . 445 2 0.4 2,5, 6
. 3 Cocl, 1.0 3.3 ¢ 0.3 {3.2 2 0.k 1: h: €
‘ b Na,S0, {;:g:* 2.8 1 0.3 <.320.3 1, 2,5
5 NeRO, L.0 1.7 2 0.2 2.0 % 0.4 1,2, W
. ’ ) 1.0 ¢ 0.3 2,3 5
6 NaCl k.0 l1.20.2 {1.3 0.3 l:' 3 b
7 Nal k.0 -0.8 £ 0.1 -1.2 % 0.5 4, 8, 9
8 11,50, 1.0 1.k 2 0.1 0.9 0.5 57,9
9 LiI 1.0 2.3 0.2 -1.8% 0.5 ¥, 7, 8
10 PL(NOg) 5 1.0 b6 =20.2" - -

*Concentration of solution tagged with Na25350h.
##Concentration in the case of gravimetric determinations.
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